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1. Introduction 
The goal of t h e  work was t o  study the performance of a novel ion 
source f o r  so l id s ,  whereby the  ions are produced by spu t t e r ing  from a 
surface which is  bombarded by high energy ions. 
be concentrated on the  bombarded ta rge t  sample surface either to 8 
focus of about 1 nun diameter i n  one instance, and, f o r  a d i f f e r e n t  type 
of experiment, to a focus of about 6 m diameter. 
is intended t o  be used to  study the inhomogeneity of the sample, the 
second one s h a l l  be used t o  obtain an average composition. 
experiments can be performed with basical ly  the same overa l l  a r r angemt  
by s e l e c t i n g  the proper size of holes i n  the source ape r tu re  p l a t e  and 
The primary ions  shall 
The f i r s t  arrangepcnt 
Both 
i n  the  de f l ec t ion  condenser aperture plates.  These dI-.phragms bavt 
been made exchangeable; 
The f i r s t  phase of the work, which is now completed, involved the 
design construct ion and assembly of the  test apparatus. 
and evaluat ion w t l l  be subiect of the  forthcoming second phase of thc 
The testing 
controc t I 
3 
2. Design Consideration8 
2.1 Primary Ion Source 
The f i r s t  important decision was t o  choose the  source of tbe 
primary ions. For the intended use it w a s  supposed to del iver  an ion 
beam having the  following features:  high ion current  density,  ~- U P . 1 1  ~ _ _ - -  
angular spread, small energy spread. Also, .the gzs Efficiency should 
be as high as possible i n  order t o  be ab le  t o  maintain a s u f f i c i e n t l y  
l a w  pressure i n  the sput ter ing region. 
Hertog and Viebock,"' a canal-ray tube was used. 
I n  the  o r ig ina l  work of 
I n  the  meant*, 
o ther  ion sources with b e t t e r  properties have been developed. 
thorough survey of t he  l i t e r a t u r e  on the  subjec t  led  t o  the decis ion to 
use a so ca l l ed  Duoplasmatron Ion Source,") which w a s  developed about 
twelve years  ago and has gained widespread use s ince  then. 
A 
It has been 
reported t o  e m i t  a hydrogen ion beam of up to 1 aupere from an 1.4 um 
diameter opening with continuous operation, and even more w i t h  pulued 
operation. The energy spread is only about 20 ev  and the  gas e f f i c i -  
ency is amre than 902. 
In the Duoplasnutron a l a w  pressure a r c  discharge is cons t r ic ted  
by a funnel-shaped b a f f l e  (see Figure 1) placed between the electron 
emi t t ing  cathode and the  anode. A s t rong  axial magnetic f i e l d  between 
the  b a f f l e  and the  anode fur ther  c o n s t r i c t s  the discharge. 
cons t r i c t ions  l a rge ly  enhance the  cur ren t  dens i ty  as compared w i t h  that 
Them 
i:: a f r e e  arc of equal t o t a l  current .  
dr iven by k i n e t i c  and magnetic forces  towards t h e  ion ex t rac t ion  aper ture  
A f r a c t i o n  of the plasma I8 
i n  the  anode, from where the  pos i t ive  ions can be ex t rac ted  and 
2 
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accelerated by a s t rong  e l e c t r i c  f ie ld .  
e inze l  lens  the ion beam can he focused on a ta rge t .  The diameter of 
the focus can be var ied simply by varying the po ten t i a l  of the middle 
e lectrode of the e inze l  lens.  The smallest  diameter of the focus 
achievable is determined by the  diameter of the  ion ex t r ac t ion  aperture 
i n  the Duoplasmatron anode and by the enlargement r a t i c  of the system. 
There is reason to  assume(4’ t h a t  maximum yie ld  of sput tered ions is to 
be expected a t  energies  of the bombarding ions between 20 and 30 Icv, 
which w i l l  be the acce lera t ion  voltage t o  be worked w i t h .  
With the a id  of an e l e c t r o s t a t i c  
A Duoplasmatron I o n  Source including the  e l e c t r o s t a t i c  einzel l ens  
could be purchased a s  a ready u n i t  from High Voltage Engineering, 
Burlington. 
and the  correspondent i n t e n s i t y  of  the ion beam - a t  operation vith 
It is air-cooled which l i m i t s  the  a r c  cur ren t  to  2 ampere8 
hydrogen gas - t o  5 ma. The system anode, acce lera t ion  electrode,  einzel 
l e n s  is designed fo r  acce lera t ion  vol tages  up to 30 kv. 
2.2 -System Geometry 
The geometry of  the  sput te r ing  source had to be coordinated vi th  
the  given demensions of the  Duoplasnutron. 
I n  order t o  make the  diameter of the  focus of t he  primary ions  01) 
the  t a r g e t  as small as possible,  the loca t ion  of the  target had to be 
kept as close as possible  t o  t h e  e inze l  lens.  &.other point of consider-. 
a t i o n  w a s  t h a t  t he  Duoplasmatron should be mounted having its u i 8  
v e r t i c a l ,  mainly because of its weight and the  necessi ty  t o b v c  8Q 
3 
5 
0 .  
- *  
insu la t ing  flange between the Duoplasmatron and the o ther  housing, while 
the ax i s  of the  secondary ion beam should be horizontal .  This problem 
was solved by placing a shor t  def lec t ion  condenser between the  e i n t t l  
l ens  and the  t a rge t  which de f l ec t s  the  primary ion beam by 30 , under 
which angle the  beam h i t s  the ta rge t  surface.  
the  condenser (see Figure 1) is watercooled, because t h e  entrance 
opening confines the  beam aperture and might g e t  too hot  without cooling. 
An ion cur ren t  of 5 m a  a t  an energy of 30 kv means a t o t a l  beam power 
of 150 w a t t s ,  
0 
The grounded portion of 
The t a rge t  samples can be a t tached  i n  the form of f l a t  
pieces t o  an exchangeable heavy copper d i s c  mounted on a water-cooled 
s h a f t  which can be r o t x e d  
being o f f s e t  from the  axis of t h e  secondary ion opt ics .  
ment t w o  advantages are gained. 
from outs ide  during operation, the axis 
By t h i s  arrange- 
F t r s t ,  a number of d i f f e r e n t  samples 
. can be at tached along the proper circumference on the  copper d i s c  a d  
. _  brought quickly i n t o  the primary ion  focus one a f t e r  t he  o ther ;  second, 
each sirrzle sample can be scanned by s l i g h t l y  r o t a t i n g  the sha f t ,  
Scanning of t he  sample i n  the  d i r ec t ion  perpendicular to t h i s  movement 
can be achieved over a l imi ted  range by varying the de f l ec t ion  po ten t i a l  
of the  de f l ec t ion  condenser. The secondary ion  o p t i c s  c o n s i s t s  of two 
cy l ind r i ca l  e lec t rodes ,  one of which is grounded. 
located between t h i s  grounded one and the  target and serves to focru 
the  secondary ions t o  the  mass spectrometer slit ,  its p o t e n t i a l  being 
ad jus tab le  i n  t h e  neighborhood of the t a r g e t  po ten t ia l .  Attached to 
The o the r  one is 
0 t h i s  e lec t rode  is a 30 
fac ing  the  e x i t  s ide  of the def lec t ion  condenser and bored through t o  
piece (comp. Figure 1) w i t h  8 f l a t  sur face  
T 
t 
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allow the  primary ion beam t o  pass. This way the  re ta rd ing  f i e l d  which 
the  primary ion beam has to pass between the condenser e x i t  and thc 
t a rge t  region 
fu r the r ,  the  secondary ion op t i c s  i s  completely shielded aga ins t  th 
is a x i a l l y  symmetrical and cannot d i s t o r t  t he  beam, and, 
s t r o n g . f i e l d s  of the  primary ion  Optk8, 
2.3 Pumping Requirement8 
The Duoplasmatron is operated a t  a pressure of about 20 microno. 
The ion  ex t r ac t ion  o r i f i c e  in  the  anode i s  a bore of 0.2 BP diameter. 
I n  case the  Duoplasmatron is  operated with Argon, the e f f u s i v e  
out  of t h i s  o r i f i c e  would be 3.101' par t ic les lsecond,  according to 
flou 
Knudsen's equation. An ion  cu r ren t  of 5 ma cons i s t ing  of s ingly  
charged ions corresponds t o  3. 10l6 particles/second, which is t e n  ti-8 a 
as much. That means the pumping requirements have t o  be based on chi8 
f igure.  
Duoplasmatron and the mass spectrometer slit is given by the relation 
The pressure which b u i l d s  up i n  the  region betveea the 
3 3 n Ipar t ic les / sec]  - s [cm /secl x N [ p a r t i c l c s j a  3 
where s is the  pumping speed working a t  that volume and N is the 
r e s u l t i n g  number density.  
t he  background pressure below 10 
From this  it follows that i n  order  t o  keep 
-3 t o r r ,  a pumping speed of 10 litera/ 
second i o  required. 
The system is mounted d i r e c t l y  on the pumping port of a Veeco VE-400 
pumping s t a t i o n ,  which is equipped with a 400 l i t e rs / second oil d i f f u s i o n  
pump and has a t  the pumping port a pumping speed of about 100 liters/sccond. 
7 
That means that the background pressure w i l l  be around lo4 torr when 
the Duoplasmatron is  operated with Argon. For heavier gases than 
Argon, for instance Krypton or Xenon, the background pressure would 
get higher, because the pumping speed for those gases l r  lower. 
6 
3. Technical Description . _  
3.1 Hourin& 
The main housing of the  Sputtering Ion Source corrsists of 8 4-112" - 
- s t a i n l e s s  steel tube with two end flanges and f i v e  flanged sideport.. 
The upper sfdeport  c a r r i e s  the  high vol tage feed-through which puts che 
____---- 
middle e lec t rode  of the  e inze l  lens  on high poten t ia l .  
s idepor t ,  the  de f l ec t ion  condenser is inserted.  A t  t he  t h i r d  s ideport  
the  t a r g e t  holder and the secondary ion  o p t i c s  are mounted. 'Tbe fourth 
s idepor t  opposite to  i t  is the  connection por t  to the mass spectrometer. 
The f i f t h  s idepor t  is a viewing port. 
end f langes are h e l i a r c  welded t o  the 4-1/2" housing tube. 
throughs which a r e  of the  ceramic-metal type are vacuum brazed into 
t h e i r  correspondent flanges. 
A t  the second 
The f i v e  s idepor t s  and the tuo 
The feed- 
The bottom end f lange sit8 on the 4'' 
pumping port  of the pumping s t a t ion ,  and t he  top  end flange carries an 
i n su la t ing  f lange machined of Pyrex. 
Duoplasmatron Ion Source which is  kept a t  high p o t e n t b l .  
This i n  tu rn  c a r r i e s  the 
3.2 Duoplasmatron 
The pr inc ipa l  elements of  the  Duoplasmatron are 8 fi lament,  8 
b a f f l e  e lec t rode ,  a source-aperture p l a t e  (anode), 8 magnet, 8nd 8 
housing. 
mounted ?cross the  ends of two rods which are connected to the fi lament 
power supply through ceramic-metal feed-through which lead through the 
The fi lament,  a platinum-gauze coated with Sar ian  oxide, ia 
cover of the  source. The source ba f f l e  surrounds the  filament. It L. 
# 
9 
insulated from the anode plate  by a ceramic r i n g  and connected over 
a bleeder r e s i s t o r  t o  the anode p l a t e  which r e s u l t s  i n  a b a f f l e  
po ten t ia l  about in the  middle between the filament and the  anode plate .  
The bottom of the b a f f l e  is conical ly  shaped with a hole at I t a  apcx. 
Facing the apex of the cone, and separated from it by a small gap, l8 
the  aper ture  p l a t e  whkh  has a hole of 0.008 inch in i t8  center ,  
solenoid surrounds the source b a f f l e  which creates a s t rong  magnctic 
A 
f i e l d  between the apex of the source b a f f l e  and the aperture  plate .  
exhaust fan, mounted on top  of t he  Duoplasmatron, cools the  magnet .nd 
the  source assembly. 
An 
The gas is supplied through a 1/8" copper tube which l eads  through 
the  source cover. A needle valve cont ro ls  the f l w  of the  gas out.of 
one of the two supply f lasks ,  w h e r e  the gas is stored a t  a pressure of 
about 50 torr. 
30 kv against  ground, because during operation it w i l l  be on t h e  high 
vol tage side, 
This gas i n l e t  system is e l e c t r i c a l l y  insu la ted  for 
3.4 Einrel  Le- 
The e i n r e l  lens cons is t s  of three s t a i n l e s s  steel electroder. It 
e x t r a c t s  t he  pos i t ive  ions from the  plasma a t  the source aper ture  and 
br ings  them i n t o  focus a t  a dis tance which is adjustable  by choosing 
the proper po ten t i a l  of t he  middle electrode, 
I 
I 
! 
E 
i 
i 
The f i r s t  e lec t rode  ( the ex t rac t ion  electrode) has a cone-shaped 
apex a t  the upper end which c rea tes  Y st rong e l e c t r i c  f i e l d  between . 
the  hole  i n  the  source aperture  p la te  and the bored apex, and thur  
e x t r a c t s  and acce lera tes  the  ions i n t o  the e inze l  lens .  The f i r s t  and 
I 
t h i r d  e lec t rodes  are interconnected and grounded, while the middle 
e lec t rode  is kept a t  a po ten t i a l  a feu k i l o  v o l t s  below the  po ten t i a l  
of t he  Duoplasmatron. The eintel lens  assembly is mounted w i t h  three 
long rods t o  the source aperture  p l a t e .  Ceramic spheres maintain 
proper insu la t ion  and spacing between the electrodes. 
a l s o  the high vol tage feed-through f o r  the  de f l ec t ion  p l a t e  which t 8  
mounted d i r e c t l y  on the center  rod of the  feed-through, 
a p e r t u r e  p l a t e s  are e a s i l y  replaceable. 
t i l t e d  by 15O aga ins t  t h e  axis of the e inze l  l ens  so that the position 
of t h e  condenser is symmetrical i n  respect t o  the path of the primary 
The tvo 
The condenser p h t e 8  are 
ion  beam. Assuming the  energy spread of t he  primary ions being less 
than 0.12, wSich is the case with the Duoplasmatron a t  acce lera t ion  
vol tages  over 20 kv, the broadening of t h e  beam a t  the target surface 
due t o  the energyedispersion of the de f l ec t ion  condenser turns out to 
9 
3.5 Deflection'  Condenser 
The de f l ec t ion  condenser cons i s t s  of a trapezoid shaped grounded 
copper block t o  which two aperture  p l a t e s  are attached, and a d e f l e r t i o n  
p l a t e  at  a proper po ten t i a l  t o  de f l ec t  the primary ion beam by 30 .) 
0 
The copper block has  8 cen te r  bore and s l i p s  over a vater-cooled 
copper tube passing through the mounting flange, This f lange carrier 
. 
be l e s s  than .002" 
3.6 Target Holder 
and is  therefore negl tgiblc. 
The t a r g e t  samples are t o  be attached t o  a copper d i sc  which in 
t u rn  is bolted t o  another copper d i sc  which is mounted on a uater- 
cooled copper tube. 
e l e c t r i c a l l y  insulated against  it, and vacuum sealed with two spring 
loaded gaskets,  whereby the space between them is kept under forc- 
vacuum. 
tube behind the  cover flange allows movements of the t a rge t  sampler in 
a control led way, - 
This tube goes through the cover flange, being 
A r e t a i n e r  r ing  with an engraved degree sca le  located on the 
3.7 Secondary Ion Optic8 
Between the t a rge t  cover flange and the respect ive sideport there 
is another flange on which two tube shaped copper e lectrodes are 
mounted which serve t o  accelerate  and focus the secondary ions. 
are mounted in a s imi l a r  manner as the elements of t he  einzel lens, 
f i l e d  up on four rods and one of the  electrodes insulated and held in 
They 
place with pyrex ba l l s .  
vol tage for the  insulated electrode,-which has an angle piece attached 
t o - i t s  upper s ide  with a passage for the primary ion beam. A t  present 
the mass spectromer connection port  opposite t o  the t a r g e t  holder port 
is closed with a flange carrying a col lec tor  t o  measure the total 
secondary I o n  current.  
A ceramic-metal feed-through suppl ies  the 
lo 
* .  
-a 
3.0 m n  Port  
A viewing port cons is t ing  of 114" th i ck  pyrex d isc ,  gaskt ted 
between t w o  aluminum flanges,  allows v i sua l  observation of the t a r g e t  
region. The pyrex d i s c  can be eas i ly  replaced which is expected t o  be 
nece.s.t;ry from time t o  t i m e  whenever the  inner g l a s s  sur face  get8 
blackened by sput tered material. 
3.9 Power Supplies 
The power supply 
.. 
transformer ra ted  fo r  
u n i t  fo r  the  I)uopl;:=r.atron includes a f i lament  
0 t o  4 vo l t s ,  0 t o  18 amperes, a .~ , ,  an arc 
power supply r a t ed  f o r  0 to  220 vo l t s ,  0 to  2 amperes d. c., and 8 
magnet power supply, r a t e d  for  0 to  120 vo l t s ,  0 t o  2 ampere8 8. e. 
A l l  these  power suppl ies  including instruments and var5 .u  are 
insu la ted  aga ins t  ground f o r  a t  l e a s t  30 kv and obta in  their input 
power from an insu la t ing  transformer, which transform6 115 volt8 8. c. 
a t  a ra t io  of 1:l with a r a t ing  up t o  15W vol t  ampere. 
. -  
The high voltage power supply f o r  the  acce lera t ion  and focusing 
of t h e  primary iou beam is ra ted  for 0 to  SO kv, 0 to  30 IID. d. c. r& 
negat ive terminal is grounded, the  positive t e r m i n a l  is corinected over 
a pro tec t ion  resistor t o  the hoplasmatron aperture  plate.  
vo l tages  f o r  the  e inze l  lens  middle e lec t rode  and for the de f l ec t ion  
T b  
condenser are taken from a voltage d iv ider  across the Duoplasmatron 
ape r tu re  p l a t e  and ground and can be var ied in small s t e p s  t o  a d j u s t  
t he  focus on the  ta rge t .  The middle electrode of the  e i n z e l  lens d r a w  
e 0 11 
/3 
* .  
' : 
about three to  four times as much current 88 the primary ion beam 
amounts to,  due to secondary electrons which arc 
primary ions. 
Liberated by 
Therefore, the voltage for th is  electrode is applied 
over a high voltage tube in a cathode follower circuitry. Thir 
arrangement guarantees stabi l i ty  of the primary ion beam despite 
ripple and fluctuations of the acceleration voltage. 
0 .  
* -  
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4. Concluston 
An ion source for  so l ids  analysis  has been designed and b u i l t  which 
uses the pr inc ip le  of s p u t t e r i n g  of secondary ions from a sample 
surface which is bombarded by highly energe t ic  primary ions. 
The primary ions are produced i n  a Duoplasmatron Ion Source uhicb . 
de l ive r s  a homogenous beam of posi t ive ions a t  an in t ens i ty  of several  
m i l l i a m p e r e s .  Ions of various kinds of gases or vapors can be produced 
i n  the  Duoplasmatron. It is expected t h a t  noble gases w i l l  g ive the 
highest  y i e ld  of sputtered secondary ions. 
The primary ions can be accelerated to  energies  up t o  30 k i lovol t s .  
They are brought t o  focus on the t a r g e t ,  the  diameter of the  focus 
being var iab le  between 0.5 ~lpl up to a t  least 5 IUD. The t a rge t  samples 
a r e  t o  be attached i n  the  form of t a b l e t s  t o  a water-cooled copper 
p l a t e ,  and can be scanned v i t h  the primary ion focus i n  two direct ions.  
The secondary ions a re  accelerated and focused on the mass spectrometer 
#lit. 
The pe r fow-nce  of the new ion source has not y e t  been tes ted.  
a 
.j 
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